A certain class K of GR homogeneous spacetimes is considered. For each pair E, E  of spacetimes from K, ( )
Motivation and Introduction
The first author has been interested in GR ("GR" is for General Relativity) research for quite a while and he concentrated on a few most symmetric spacetimes ( [1] , [2] , and more). Later (see [3] , [4] ) he has become a strong believer in Segal's Chronometric Theory (see [5] , electronic archive arranged by Levichev) , and he is attempting to modify Segal's Theory (see [6] , a key publication). The collaboration of the two current authors is based on their mutual interest in Penrose-Hameroff approach to consciousness (see its update in [7] , [8] ). Specifically, we are putting forward an alternative definition of separation between space-times. In [9] , the original definition was based on bringing up a Newtonian limit in GR. Our definition has been introduced in where a matrix g from G is determined by its 2 2 × blocks A, B, C, D.
In Table I of [12] , the matrices ij L are chosen as basic vectors of the (fifteen-dimensional) Lie algebra ( )
2, 2 su
, whereas ij L are the corresponding vector fields on ( ) 2 
U
. The vector fields ij L are determined by the G-action (1.3). As explained in [12] , subscripts i, j take on −1, 0, 1, 2, 3, 4, and the convention ji
is introduced in such a way that left-invariant vector fields 0  10  1  14  23  2  24  31  3  34 
form an orthonormal basis (following [12] , we use +, −, −, − signature). The resulting product on
is bi-invariant (see [6] ), and , a b below denotes the Lorentzian inner product of tangent vectors , a b at a point z of ( ) 2 
. The spacetime thus obtained is denoted by 0 E (the meaning of the subscript will become clear in the next section). Transformations (1.3) are conformal in 0 E (a word of caution: this spacetime has been denoted as D in [6] ). As it follows from Table I of  [12], the vector fields   10  12  13  14  23  24  34 ,
For what follows, it is instrumental to introduce a certain bi-invariant Riemannian inner product on ( ) 2 
. To do so, we recall that vector fields 0 1 2 3 , , , X X X X constitute a basis of the Lie algebra ( )
. This algebra is a direct sum of its center with ( ) 2 
su
. Namely, 0 X generates the center, whereas 1 X , 2 X , 3 X are basic vectors in 1 K will be now put in correspondence with an element x of the homogeneous space G/K. Namely, each element (or coset) x of G/K is specified by an element g from G:
One and the same x can be determined by another element (say, 1
When the subgroup K is viewed as an element of G/K, denote K as 0
x . This 0 x we put into correspondence with 0 E (which has been described in Section 1). As a manifold,
. In what follows, we use , a b (rather than 0 , a b ) to denote the (Lorentzian) inner product of vectors , a b from the tangent space T(E 0 ) at z. This inner product has been introduced in our Section 1. To define spacetime E corresponding to a coset x = gK, it is enough to specify the inner product .,. E , see (2.2) below. Such a transformation g is conformal in E 0 . Namely, given vectors , a b from the tangent space T(E 0 ) at z, the inner product 
Here the right hand side of (2.3L) is calculated in 0 E at z, and it defines the inner product
To avoid verification of (2.2)-(2.3L) equivalence, we define the Lorentzian metric in E in terms of (2.3L). Similarly, we define the following Riemannian metric in E:
where the positive definite inner product in the right hand side of (2.3R) has been introduced in our Section 1. Let us show that, given a coset x in G/K, (2.3L) correctly defines a Lorentzian metric on
, whereas (2.3R) correctly defines a Riemannian metric on ( )
Scholium 2.1. The inner product (2.3L) (respectively, the inner product (2.3R)) is independent of the choice of g which represents a coset x.
Proof. If x is represented as g 1 K, then 1 g gk = where k is a certain element of the group K. Given such a representation, the analogue of (2.3R) is
where the right hand side of (2.4) is calculated in 0 E at z, and it defines the inner product { } 
where the right hand side is calculated at ( ) k z , and the left hand side is calculated at
However,
E . Comparison of (2.4) with (2.5) finishes the proof. The verification process, that (2.3R) is independent of representative, copies the one for (2.3L). □ Let us notice (see [16] ) that each ( ) 
h z is the square of the conformal coefficient at z of the transformation g. A (non-negative) number g d is defined as follows:
where ( ) V S is for the volume of a set S in R E (with the volume form introduced in our Section 1). Clearly, expressions inside the logarithms in (2.8) can be interpreted as corresponding cumulative distortions of the original metric structure in 0 E . To be sure of convergence of all of the integrals involved, it is enough to mention that each of the two integrands is a continuous function over the corresponding region of integration, whereas each of the regions (2.6), (2.7) is a compact set.
To further deal with (2.8), we now proceed with more technicalities. Clearly, g d can be viewed as
The integration in a is over g T + , whereas in c the integration is
Examples of integrals , , , a b c d evaluations are given in our Appendix C (see Theorem C.5). Notice that 0 0 if and only if is an isometry of ,
which follows from (2.8) because in this case
. As a result of 
The number ( ) , d x y is independent of representatives since if x is represented by 1 1 g k , and y is represented by 2 2 g k , then for ( )
according to (2.10). . A word of caution: we use the term distance but we are not sure that the corresponding triangle inequality holds (even locally) for (2.11). However, we prove (below) that (2.11) is symmetric: ( ) ( )
for arbitrary f from G (where we have in mind the canonical action of G in G/K).
As regards G-invariance, one can think of a possible relation of our definition (2.11) to the canonical inner product in the symmetric space G/K. This we do not discuss here. , and where we use z  (rather than z, as before) to denote a matrix in ( )
indicates that computations are performed in E rather than in 0 E .
, g is an isometry between the two Riemannian spaces.
Similarly,
, the new region of integration is g T − , and there is no extra factor in the integrand since g is an isometry between the two Riemannian spaces in question. We have thus proven that a c = 
. Similarly, c a =  . We have thus proven the equality ( )( ) ( )( )
, the symmetry property of the distance between spacetimes. □
Concluding Remarks and Future Research Insights
Examples of integrals , , , a b c d evaluations (in case of a certain one-parameter group of conformal transformations) are given in our Appendix C. It is of interest to know whether Theorem C.5 holds for other transforma-
. Evaluations in Appendix C indicate that definition (2.11) of distance between spacetimes seems to be quite a working one. As part of future research, it will be of interest to apply our definition in the case where the original spacetime is F (here we refer to the DLF-theory, [6] ). In that case, the underlying manifold is (non-compact!) ( )
. Preliminary calculations indicate that a A. Levichev, A. Palyanov 2045 conformal coefficient might be unbounded. We will thus have to deal with improper 4D integrals, and the question of convergence will have to be studied first. . u iu u iu u iu u u iu
u u u u
The covering map from E (2) onto ( ) 
It is known (see [14] , p. 40) that the restriction of (A5L) onto E (2) = S 1 × S 3 coincides with metric (1.4) of our Section 1. Similarly, the restriction of (A5R) onto E (2) coincides with metric (1.5).
Appendix B: The Case of a Certain One-Parameter Group of Conformal Transformations
This group consists of all (1.3)-transformations g of the form: In the case considered, there is an alternative way to determine the conformal factor (B.3). It is as follows [17] , Theorem 3: for a (1.3)-transformation g, the following equality holds for the conformal factor at z: Omitting a few more (straightforward) technicalities, we obtain A. Levichev, A. Palyanov 
